A comparative study of the bacterial flora of the water of Chesapeake Bay and Tokyo Bay was undertaken to assess similarities and differences between the autochthonous flora of the two geographical sites and to test the hypothesis that, given similarities in environmental parameters, similar bacterial populations will be found, despite extreme geographic distance between locations. A total of 195 aerobic, heterotrophic bacterial strains isolated from Chesapeake Bay and Tokyo Bay water were examined for 115 biochemical, cultural, morphological, nutritional, and physiological characters. The data were analyzed by the methods of numerical taxonomy. From sorted similarity matrices, 77% of the isolates could be grouped into 30 phena and presumptively identified as Acinetobacter-Moraxella, Caulobacter, coryneforms, Pseudomonas, and Vibrio spp. Vibrio and Acinetobacter species were found to be common in the estuarine waters of Chesapeake Bay, whereas Acinetobacter-Moraxella and Caulobacter predominated in Tokyo Bay waters, at the sites sampled in the study.
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With the increased interest in the microbial ecology of aquatic environments in recent years, it is important to have an understanding of the natural, or autochthonous, microbial flora, not only in terms of biomass and potential activity, but also community structure and species composition. Since the bacteria are well-known agents of mineralization and transformation of organic and inorganic matter in bays and estuaries, it was considered useful to determine whether bacteria in the water column in two of the major bays of the world supported a similar bacterial flora.
Under the auspices of a cooperative research program between the University of Maryland and the University of Tokyo, a study was initiated in 1974 in which water samples were collected using standard methods at sites selected for similarity in environmental parameters, and in which the methods of bacteriological analysis were rigidly conforming to permit minimization of variation ascribable to other than natural floristic differences.
The pure cultures obtained in the two parallel studies were analyzed by previously agreed-upon procedures in the two laboratories, with exchange of reference cultures, as well as fresh isolates, so that internal quality control could be maintained in the analyses.
Although there has been rapid improvement in the taxonomy of aquatic bacteria since the advent of numerical taxonomy and subsequent pioneering studies of Pfister and Burkholder (31) and Quigley and Colwell (34) and the more recent work of Bauman and associates (3, 4) , Delabr6 et al. (12) , and Reichelt and Baumann (35) , this information has been of limited value because of the relatively few organisms examined, the restricted number of tests used in identification of isolates, and the limited geographical distribution of the organisms studied. Pfister and Burkholder (31) attempted to compare the bacterial microflora of tropical and antarctic seawater, a type of broadly defined study that is essential for proper assessment of the distribution of bacteria in the marine environment. Baumann et al. (3, 4) restricted their studies to a set of selected marine isolates, for the most part from culture collections of various investigators, although some fresh isolates were included in their analyses. In the study described here, aerobic, heterotrophic, estuarine bacteria representative of the microflora of Chesapeake Bay and Tokyo Bay waters were compared by numerical taxonomy and molecular genetic methods, providing new information concerning the species composition of microbial communities present in the water column at selected sites in two major estuaries of the world. (9, 14, 19, 25, 40) ; details of the remainder are given below.
Utilization of substrates as the sole source of carbon for energy and growth. Carbon utilization tests were carried out using the medium devised by Stevenson (47) . The carbon compounds included a-DL-alanine, L-arginine hydrochloride, asparagine, Lhistidine hydrochloride, L-leucine, L-lysine, L-methionine, DL-phenylalanine, L-proline, sodium acetate, sodium adipate, sodium citrate, sodium formate, sodium gluconate, sodium glutamate, sodium glutarate, sodium lactate, sodium malonate, sodium oxalate, sodium tartrate, and L-threonine. These were sterilized as 20% (wt/vol) solutions by tyndallizing for 1 h on 3 consecutive days at 100°C, or by filtration, and added to the supporting medium to give a final concentration of 0.2% (wt/vol). This medium was dispensed into divided replidishes (44) and inoculated by means of a multipoint inoculator (23) . After incubation, the medium was examined visually at 14 days, recording the presence or absence of growth.
Determination of the G+C content of DNA. The guanine plus cytosine content (G+C content, moles percent) of purified deoxyribonucleic acid (DNA), obtained by the method of Marmur (26), was determined from the thermal denaturation temperature (Tm) of the DNA using a Gilford 2400-S recording spectrophotometer at 260 nm (27) . The DNA preparations were dialyzed to lx SSC (0.15 M NaCl, 0.015 M sodium citrate) and heated at 0.5°C min-', during which the optical density was monitored at 260 nm. Molar percentage of G+C was calculated from the Tm by the equation of De Ley (13) .
Coding of data. The characters were coded 1 for positive or present, 0 for negative or absent, and 9 for noncomparable or not applicable. The final n x t matrix contained 213 strains, including reference strains, and 115 characters recorded for all strains.
Computer analyses. The data were analyzed using SsM, the simple matching coefficient (45) , which included positive and negative matches, and the Jaccard coefficient, Sj, which excludes negative matches (43) . Clustering was by unweighted average linkage (45) , and sorted similarities and dendrograms were constructed. The hypothetical median organism (22) (29), and Pagel and Seyfried (30) . Six generic groups comprised the major taxa represented, including Vibrio spp., Acinetobacter-Moraxella spp., Pseudomonas spp., Caulobacter spp., coryneforms, and groupings of as yet unidentified gram-negative rods (see Fig. 1 ). A summary of selected characteristics of the six generic groupings is given in M~; E 4,XE Phena 1, 3, 7, 11, and 12 were identified as V. parahaemolyticus, V. anguillarum, Acinetobacter calcoaceticus, P. marina, and P. maltophilia, respectively, by the grouping of the reference strains with the isolates. In general, the characteristics of the Vibrio strains matched the species descriptions in Bergey's Manual of Determinative Bacteriology (8) and those given by Bianchi (these de doctorat), although it was observed that the strains identified as V. anguillarum were negative for the indole reaction. Although the reference strain of A. Iwoffi was recovered in phenon 7, A. Iwoffi is now regarded as a synonym of A. calcoaceticus (8, 30) . The characteristics of A. calcoaceticus (phenon 7) were in close agreement with the description provided in Bergey's Manual of Determinative Bacteriology (8) .
Phenon 2 was identified as Vibrio fischeri by micromorphology, biochemical, degradative, and physiological reactions and overall DNA content of 44.8% G+C (Table 3) . In contrast to the species description, none of the strains exhibited luminescence (39) . However, luminescence is a characteristic that is highly dependent on medium, temperature, and other variables. "Dark" strains are very commonly encountered among luminescent species (8, 39) . Phena 4, 5, and 6 are classified as Vibrio spp., viz., gram-negative, curved, fernentative, oxidase-and catalase-positive rods, possessing overall DNA base compositions of 46 (7) and Jones (17) , and may also represent a new species. Phena 8, 9, 13, and 15 were not related to bacterial species described in the available literature, i.e., in diagnostic keys and/or in Bergey's Manual of Determinative Bacteriology (8) , and will require further analysis for precise classification.
Strains clustered in phenon 21 produced stalks and formed "rosettes," hence were identified as Caulobacter spp. The strains were short, oxidative, gram-negative rods when observed in wet mounts under phase-contrast microscopy. They could not be identified to the species level and represent, in our view, a new species of Caulobacter. Phenon 27 was identified as Pseudomonas putida (8, 11 Test error. Twenty strains examined in duplicate were tested on different occasions, but the same methods were used throughout. The majority of tests, i.e., a total of 85, gave identical results; these included the Gram staining reaction, colonial morphology, and the majority of biochemical degradative and nutritional characters. The error was calculated to be approximately 2%, most of which could be attributed to a few characters, notably the pleomorphic nature of many of the isolates and the H25, methyl red, oxidase, Voges-Proskauer, and gelatin tests, which either gave weakly positive, equivocal results or were, in the case of the biochemical test results, contradictory on retesting. The H2S test can be variable, depending on the presence or loss of plasmids (variability due to plasmids has been noted in earlier studies [S. A. Orndorff, B. Austin, L. A. McNicol, and R. R. Colwell, submitted for publication]), and, in the case of the methyl red, Voges-Proskauer, and gelatin tests, there is a strain variability in the intensity of the reactions that has been observed in our own work with strains freshly isolated from the aquatic environment.
Variation in test results between laboratories was not significant and therefore permitted combining the data from both laboratories for a comprehensive analysis.
Selectivity of the media employed. Only Vibrio spp. were isolated on TCBS agar, including V. parahaemolyticus, V. fischeri, and unidentified Vibrio spp. The Simidu medium was also highly selective for Vibrio spp., with V. parahaemolyticus, V. fischeri, and unidentified Vibrio spp. being isolated. However, two isolates, most probably of the Acinetobacter-Moraxella groups, were also isolated from the Simidu medium. The 2216 medium yielded a variety of organisms, selecting neither for nor against Vibrio spp. It should be pointed out that the fish protein agar was by far the most useful medium in providing growth for a very wide variety of bacterial genera and species, including Vibrio, Moraxella, Acinetobacter, and Pseudomonas. DISCUSSION The objective of this study was to assess sim-ilarities and differences between microflora of two environmentally similar sites at widely separated geographical locations. That is, the question to be answered is whether the water of estuaries in different parts of the world will support a relatively similar species composition in the microbial community structure. In spite of the usual restraints of time, budget, cruise schedules, and related logistical problems, it was possible to select two sites for comparison that were reasonably similar and for which significant data had been gathered in other studies. Cruise schedules for the research vessels available to the cooperating laboratories fortuitously overlapped so that samples could be collected at the same time of year. It is recognized that a more precise matching of sites could be achieved, but the matching of sites was the best possible considering the logistics of the situation. Furthermore, it is also recognized that biomass measurements should have been made, i.e., direct measurement of the total bacterial population using epifluorescence, Limulus lysate assay, adenosine triphosphate, or others of the more recently developed methods for biomass estimation. Tests of potential activity, using 14C heterotrophic uptake measurements, would also be useful. Nevertheless, the question was that of community structure and species composition, and for this reason the comparative study is considered to provide useful information.
It must also be recognized that the isolates examined in this study represent only that portion of the microbial community capable of growth on the media employed. For example, for oligotrophs, low-nutrient media must be employed for isolation and characterization (25) . Nevertheless, for the purposes of this study, namely to compare microbial populations under standardized conditions of plating, media, etc., this point does not negate the conclusions drawn from the results obtained.
The results show that, from the counts obtained on the media employed and given in Table 1 and from the numerical taxonomy analyses, the predominant aerobic, heterotrophic bacterial flora present in the water column of Chesapeake Bay water, at the site included in this study, consisted of Vibrio, Acinetobacter, Pseudomonas, and coryneforms, whereas the microflora of the water column in Tokyo Bay, at a comparable site, was predominately Acinetobacter-Moraxella-like species, Caulobacter spp., and groups of gram-negative, rodlike bacteria resembling Pseudomonas spp. but sufficiently dissimilar to be considered new species. Variation in species composition among the individual water samples was not observed. Thus the microflora of the two bodies of water appear to be dissimilar at the sites from which samples examined in this study were collected. Vibrio was the numerically dominant genus in Chesapeake Bay, regardless of the medium employed, a finding concurring with conclusions of Lovelace et al. (24) , Kaneko and Colwell (18) , and Cook and Goldman (10). Vibrios were not predominant in the microbial populations found in the water of Tokyo Bay at the stations included in the study. It has been suggested previously by Simidu et al. (42) that the absence of vibrios in Tokyo Bay is caused by antagonistic interactions between Vibrio spp. and phytoplankton and by organic nutrients in Tokyo Bay. The presence of V. parahaemolyticus in Chesapeake Bay is known to be inversely related to salinity, in that extremes of salinity affect viability (18, 36) , and warmer water temperatures are favorable for their growth and distribution during the warmer seasons of the year (18) . In this connection, the water at Cape Charles demonstrated comparatively high salinity and temperature, and relatively few V. parahaemolyticus were isolated.
Acinetobacter spp., which accounted for the third most predominant taxon at Cape Charles, were tentatively identified as the predominating organisms in Tokyo Bay. Large numbers of Acinetobacter have been isolated from the aquatic environment by other investigators, notably in Lake Ontario (37) and Lake Superior (6) . However, organisms placed in this genus no doubt have been misclassified because of the relatively loose description available for the genus. Thus, it can be concluded that Acinetobacter isolated from the aquatic environment are not sufficiently well studied to be readily separated from the other gram-negative, nonmotile, nonpigmented bacteria, a situation also true for Flavobacterium (14 (25) . The occurrence of stalked bacteria in the estuarine environment would suggest that such organisms may have important ecological functions, and further studies are in progress. The lower Chesapeake Bay, at the station included in this study, receives much less allochthonous input than the upper Chesapeake Bay. It would appear that the differences in species composition noted in this study provide an index of pollution, since the Tokyo Bay station can be considered to be eutrophic and more polluted, in general, than the Chesapeake Bay.
Pfister and Burkholder (31) observed a degree of specificity between tropical and antarctic waters in the distribution of bacterial taxa in the aquatic environment. Recent work in our laboratory has demonstrated a geographical distribution among petroleum-degrading bacteria and a specificity of these bacteria for water or sediment in polluted and unpolluted sites in Chesapeake Bay (1, 2). However, the distribution was not as striking for those genera of bacteria capable of degrading petroleum as were the differences for the bacterial taxa comprising the microflora of Chesapeake Bay and Tokyo Bay.
An interesting observation arising from this study is that the choice of medium will exert a significant influence on the recovery of bacterial taxa in the marine environment, an observation in agreement with earlier studies of Goulder (15) and Vaatiinen (48) . In this study, fish protein agar was used for comparative purposes only in the Chesapeake Bay portion of the study. Although the counts on the fish protein agar were one log less than on 2216 agar, the fish protein agar medium permitted the initial isolation of the widest range of taxa, that is, a greater number of genera and species than the more commonly used marine 2216 agar of ZoBell (50) .
This observation merits further study. In comparison, the TCBS medium was highly selective for vibrios, as was the Simidu medium, both of which were designed for isolation of Vibrio spp.
After isolation and culture in the laboratory, those strains isolated on media other than 2216 agar were able, subsequently, to grow on this medium, indicating an adaptation of the isolates to the richer medium. In a previous study of slow-growing oligotrophic bacteria recovered from the estuarine environment (25) , the composition of the isolation medium was found to exert a significant effect upon the recovery of bacterial taxa. In particular, it was shown that Streptothrix and other sheathed bacteria could be recovered only on a medium containing a very low concentration of nutrients, consisting of Chesapeake Bay water to which agar was added.
No variation in genera and species was noted between casts. That is, each of the separate casts yielded the same representation of genera and species on each of the media, with significant differences noted only between media. The TCBS and Simidu media were selective for Vibrio spp., and the other media, i.e., chitin, 2216, and fish protein agar media, selected neither for nor against Vibrio spp. Of all the media, however, the fish protein concentrate medium yielded the widest variety of genera and species in the case of the Chesapeake Bay water samples. Clearly, the effects of media composition are important in the recovery of bacterial taxa from the natural environment, and this phenomenon should be carefully considered in future studies of microbial community structure.
In conclusion, intrinsic differences were observed in the microflora of Chesapeake Bay and Tokyo Bay water in a given location and season. Space and time dependency of microbial community structure, of course, is well recognized. Nevertheless, the results of this study indicate that it cannot be assumed that estuaries will contain microbial communities similarly comprised of representative taxa, but, rather, it should be recognized that geographical differences may be strongly influential, with the type and concentration of nutrients present, the indigenous plankton populations, and the nature, source, quality, and quantity of allochthonous material entering an estuary acting selectively on the microbial populations. ACKNOWLEDGMEENTS This work was supported by National Science Foundation grants OIP 7417540 and BMS 72-02227-A03. The computer time for the project was supplied, in full, through the facilities of the Computer Science Center at the University of Maryland. The Japanese cooperative research was supported by grant no. 5R064 from the Japan Society for the Promotion of Science.
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